Reactive oxygen species modulate independent protein phosphorylation pathways during human sperm capacitation.
Spermatozoa must undergo capacitation to acquire fertilizing ability. Reactive oxygen species (ROS), such as superoxide anion, hydrogen peroxide H2O2, and nitric oxide (NO*), are involved in this process. We investigated the roles and interactions of ROS, the ERK cascade, and the phosphoinositide 3-kinase (PI3K)/Akt axis during human sperm capacitation. Two different agents, fetal cord serum ultrafiltrate and bovine serum albumin, similarly promoted capacitation and the associated phosphorylation of protein tyrosine residues (P-Tyr), threonine-glutamine-tyrosine (P-Thr-Glu-Tyr-P) motif, and MEK-like proteins (P-MEK-like proteins). Components of the ERK pathway modulated these phosphorylation events. ROS increased P-MEK-like proteins and NO* induced P-Thr-Glu-Tyr-P, possibly by acting on or downstream of Ras. The PI3K/Akt axis participated in capacitation and phosphorylation of Tyr and Thr-Glu-Tyr but not MEK-like proteins. H2O2 and NO* induced P-Tyr even in the presence of ERK pathway inhibitors, indicating that ROS also act downstream of this pathway. These new results indicate that ROS act on different transduction elements during sperm capacitation and regulate phosphorylation events that occur in parallel pathways that eventually lead to late phosphorylation of Tyr. These new data reinforce the concept that a complex network of differentially modulated pathways is needed for spermatozoa to become capacitated.